Fast synaptic transmission between olfactory receptor neurons and mitral cells (MCs) is mediated through AMPA and NMDA ionotropic glutamate receptors. MCs also express high levels of metabotropic glutamate receptor 1 (mGluR1) whose functional significance is less understood. Here we characterized a slow mGluR1-mediated potential that was evoked by high (10mM), a Na + channel blocker. In contrast to a slow mGluR1 potential in cerebellar Purkinje neurons, the MC mGluR1 potential was not depressed by SKF96365 (up to 250 µM) and thus, is likely not mediated by TRPC1 cation channels, nor was it potentiated by an elevation of intracellular Ca 2+ level.
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Introduction
Mitral cells (MCs) of the olfactory bulb (OB) express high levels of the metabotropic glutamate receptor mGluR1 (Shigemoto et al. 1992 ; Van den Pol 1995; Sahara et al. 2001) . These receptors can, in principle, be activated by glutamate that is released from either ON terminals or MC dendrites (Trombley and Westbrook 1990; Ennis et al. 1996; Aroniadou-Anderjaska et al. 1999b; Isaacson and Strowbridge 1998; Isaacson 1999; Schoppa and Westbrook 2001; Mutoh et al. 2005 Ennis et al. 2006) . It is also known that mGluR1 activation under physiological conditions (that is, with intact glutamate transporter activity) exerts a tonic increase of mitral cell excitability (Heinbockel et al. 2004) and is involved in ON-MC long-term depression (Mutoh et al. 2005 ).
Slow excitatory postsynaptic potentials (EPSPs) that are mediated by mGluR1 are extensively characterized in cerebellar Purkinje neurons (PNs) where they can be induced by brief tetanic stimulation of parallel fibers (Staub et al, 1992 , Batchelor et al. 1994 Tempia et al. 1998 Tempia et al. , 2001 Reichelt and Knöpfel 2002; Kim et al. 2003 concentration . Furthermore, it has been reported that the PN mGluR1 EPSP is depressed by SKF96365 and mediated by TRPC1 cation channels (Kim et al. 2003 
Materials and Methods

Slice preparation and electrophysiology
Horizontal slices (300µm) of olfactory bulbs were obtained from 18-to 25- Knöpfel, 2005) . In the present experiments we used antagonists of AMPA and NMDA receptors and applied trains of ON stimuli -conditions under which synaptic responses mediated by group I mGluRs are more likely to be expressed (Batchelor et al. 1994; Tempia et al. 1998 Tempia et al. , 2001 Reichelt and Knöpfel 2002) . In control ACSF, single shock stimulation of bundles of ON axons at an intensity that evoked a sub-threshold EPSP also evoked a local Ca 2+ transient in the distal MC apical dendrite ( Fig (50µM) (Fig.2) . The responses that were blocked by MCPG were partially restored after MCPG washout (N=2; Figure 2A ). Summary plots demonstrated that both MCPG (N=3) and LY367385 (N=3) consistently antagonized the slow synaptic potential (Fig.2B) as well as the associated Ca 2+ transient ( Fig.2C-E (Fig. 4C) .
Furthermore, the slow oscillation, as well as the mGluR slow EPSP, were neither affected by a GABA A receptor antagonist gabazine (10µM, N=4), nor by an internal Na + channel blocker QX-314 (10mM, N=4, Fig 4D) . did not enhance the mGluR1 potential ( Fig. 5A1 and B) , nor was there a supralinear Ca 2+ response (Fig. 5A2) . To exclude the possibility that the Ca 2+ transient induced by 4APs was too small to affect the mGluR1 potential, we also injected a long-lasting (500ms, 0.5 to 1.2 nA) depolarizing current into the soma of the MCs. This depolarization evoked a train of APs (8 to stimulations were recorded every 3 min to minimize the rundown of responses. In the presence of SKF96365, the mGluR potential did not decline beyond the rate of the rundown observed during baseline ( Fig. 5D1&2 ; data were pooled in 5D2
after we confirmed that the action of the drug did not differ within the range of concentrations tested), indicating that the MC mGluR1 potential is not mediated by SKF96365-sensitive channels.
The mGluR1 slow potential is accompanied by an increase in intracellular
Na
+ concentration
Slow potentials caused by the activation of mGluR1 (or the related mGluR5) have been characterized in many cell types. The mechanisms that generate these potentials differ between cell types and several mechanisms may exist within one cell (Coutinho and Knöpfel 2002) . In principle, slow mGluR1 potentials can be generated by depression of an outward potassium current (e.g.
Charpak et al., 1990) or activation of an inward current (e.g. Staub et al. 1992).
Previous attempts to differentiate between these two principal possibilities in MCs were not conclusive (Heinbockel et al. 2004 (Fig. 6, N=6 ).
Discussion
In the present study we described and characterized a slow mGluR1 and Na + transients that are confined to the same discrete portions of the MC dendritic tuft as the NMDA receptor-dependent hot spots (Fig. 1A1 & 3, Fig 6) .
This suggests that both slow potentials are largest at sites where synaptically released glutamate can pool due to a high density of activated synapses. In contrast to the NMDA receptor-dependent slow potential, induction of the mGluR1 slow synaptic potential was facilitated by the accumulation of glutamate during repetitive high frequency stimulation or by blockade of glutamate transporters ( Fig.1-3 ). Since the slow mGluR1 synaptic potentials were recorded with NMDA receptors blocked, they unlikely mediate dendritic glutamate release but instead are, at least initially, activated by glutamate released from the ON terminals. The mGluR1 Ca 2+ transient might have triggered subsequent dendritic release of glutamate. However, this is unlikely because the mGluR1 slow potential had already declined during the peak of the associated Ca 2+ transient (Fig. 5A2 ).
Slow potentials that are mediated by mGluR1 have been extensively characterized in cerebellar PNs (Staub et al 1992; Batchelor et al. 1994; Reichelt and Knöpfel 2002; Tempia et al. 1998 Tempia et al. ,2001 Canepari et al. 2001; Brasnjo and Otis 2001; Kim et al. 2003) . The mGluR1 potential induced by tetanic parallel fiber stimulation in PNs is, like the MC mGluR1 potential, facilitated by blockers of glutamate transporter (Brasnjo and Otis 2001; Reichelt and Knöpfel 2002) .
However, even with transporters blocked, single stimuli are usually not sufficient to induce a slow mGluR1 potential in PNs whereas in a fraction of MCs they are (Fig 1B; De Saint Jan and Westbrook, 2005) . The reason for this difference may lie in the much lower release probability of parallel fiber PN synapses as compared to ON synapses, because the low release probability limits the pooling of glutamate released by neighboring synapses. Consistent with this idea, another study (Matsukawa et al. 2003) showed that mGluR1 slow synaptic potentials are induced with fewer parallel fiber stimuli when the release probability at parallel fiber PN synapses was increased by ablation of presynaptic delayed rectifier potassium channels.
The PN mGluR1 slow potential is enhanced by a priming [Ca 2+ ] i transient and is mediated by SKF96365-sensitive TRPC1 cation channels (Kim et al. 2003 but see Tempia et al. 2001 ). Our present data suggest that the MC mGluR1 EPSP is distinct in this aspect as it is not affected by SKF96365 (Fig. 5D1&2 ) and is not enhanced by a preceding Ca 2+ transient (Fig. 5A-C) . Therefore, it is likely that the transduction pathway and effector of the mGluR1 slow potentials differ between these two cell types. However, like in PNs (Knöpfel et al. 2000) , the MC slow mGluR1 EPSP was associated with a Na + transient demonstrating activation of a Na + inward current.
A somewhat surprising finding was that the MC mGluR1 potential could trigger slow (2Hz) oscillations of the MC membrane potential in the presence of AMPA and NMDA receptor blockers. These oscillations resemble those elicited by odors in vivo (Adrian 1950; Holley 1980,1985; Meredith 1986; Onoda and Mori 1998; Kay and Laurent 1999) and those previously described in vitro (Schoppa and Westbrook 2001) . The oscillations described by Schoppa and Westbrook (2001) were blocked by AMPA receptor blockers, leading these authors to conclude that they are mediated by NMDA and AMPA autoreceptors and that they were caused by regenerative glutamate release. The AMPA and NMDA receptors were blocked in our experiments and the oscillatory potentials were clearly faster than the mGluR1 potential and were not associated with oscillations in [Ca 2+ ] i (Fig. 4) . We therefore propose that these oscillations represent regenerative Na + currents that can be activated by the slow mGluR The MC mGluR1 slow synaptic potential complements the large repertoire of mechanisms that support oscillations and synchronization of the MCs that project into the same glomerulus (Isaacson 1999; Friedman and Strowbridge 2000; Didier et al. 2001; Westbrook, 2001, 2002; Christie et al. 2005; Hayar et al. 2005) . 
